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ABSTRACT 
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FOREWORD 



This publication was originally prepared and published at the request of the 
Department of Housing and Urban Development (HUD) by the U.S. Department 
of Agriculture under the Point Four Program for the use of those actively 
engaged or interested in the development or improvement of the use of bamboo, 
ft is not ah exhaustive treatment of the subject; but it does present critical 
features and principles. . 

j - Robert Dodge, formerly of the HUD staff and Harold R. Hay and Stephen 
A meson former HUD staff members supplier information and suggestions 
thai contributed to the development of the subject. 

Grateful acknowledgement is made to Graham Quate, former United States 
Agricultural Attache, Bangkok, Thailand, for permission to reproduce his 
photographs; and to Carl O. Erltoson, New Crops Research Branch, Crops 
Research Division, Agricultural Research Service, United States Department 
of Agriculture, for permission to use a photograph by Howard Dorsett. Edward 
Beckwith supplied the photograph of the Torodja house in the central Celebes, 
which is used as the frontispiece; it was originally published in David Fair- 
child* s book, The World Grows Round Mv Boor, and permission to reproduce 
it was granted by Scribners. H.E. Glenn, Vice-Director, Engineering Experi- 
ment Station, Clemson Agricultural College, South Carolina, granted permission 
to quote extensively from his bulletin, Bamboo Reinforcement of Portland dement 
Concrete Structures . Virgil C. Pettit prepared the line drawings that bear his 
initials. 



CONTENTS 



Page 

Introduction . . . . . 1 

Parts of a House for Which Bamboos 

Are Suitable ^ 

Foundation' ............... • • 3 

F rame $ 

Floors .............. 4 

Walls, Partitions, Ceilings ....... 4 

Doors and Windows 5 

Roof ............. . 5 

Pipes and Troughs 6 

Bamboo Reinforcement of Concrete ... 7 

Geographical Distribution of Bamboos . . \Z 

Differences Among Species . 31 

Some Bamboos Used in Housing ...... 32 

Shortcomings of Bamboo and How to 

Overcome Them . . . 30 

Variable Dimensions ........... 40 

Uneven Surfaces 40 

Extreme Fissibility ........... 40 

Low Durability 40 

Preservation 41 

Skill Requirements 43 

Tool Requirements . . ...... ...... 44 

Differentiation and Evaluation of Species 46 

Collecting Specimens for Identification . 47 

Selected References 50 



V 



7 



Introduction 



Bamboo is one of the oldest materials used 
by mankind to increase comfort and well- 
being. In today's wof Id of plastics and steel; 
bamboo continues to make its age-old con- 
tributions and is even growing in importance. 
Programs of technical cooperation among 
nations are giving recognition to the unique 
qualities of bamboo and ar e bf ing in about a 
broad sharing of the varieties of bamboo and 
the knowledge pertaining to their use. In six 
Latin American countries, projects are going 
forward today to test and select outstanding 
varieties of bamboo gathered from over the 
world and to determine their potential place 
in local economies. These projects, now a 
part of the Point Four program of technical 
cbc cratioh, have been under way for a num- 
ber of years and some of them have devel- 
0 p;d to a point where barribbo'fl multiform 
usefulness has become obvtoui and challeng- 
es- 

Bamboo is a versatile plant material, 
whose potential can be harnessed in the ser- 
vice of the humble as well as the great. In 
its adaptability to human needs, it has few 
peers in the plant kingdom. In the Occident 
as well as the Orient, the peoples in whose 



environment bsniboo is a natural feature 
have amply demonstrated its claim to a spe- 
cial place .in their everyday life. 

As technical cooperation Continues to 
single out species with outstanding utility, 
and to disseminate thern more widely, along 
with the old skills and trie new techniques 
essential to their practical use, the lot of 
mahy^rfbw underprivileged people will de:i- 
nrtel!y be improved. :> With a few plants of 
^superior bamboo? in the backyard, a family 
will have at hand the wherewithal to fence 
the garden, build a pigpen or chicken coop, 
or add a room to the house. They will also 
have the mea. s of augmenting their daily 
income by making baskets or other special- 
ties in spare tin:e for sale or < <change at 
the market. 

If techniques of large-scale, m _* cha5 ?^?^_ 
utilization can be deVej3pod— as, for example, 
in the manufacture of high-quality papers and 
rayon— new industries and increased national 
income may be brought to under developed 
areas. It is with these prospects in view 
that >*arr 3oO is being used as one of^ the ve- 
hicles tar implementing the Point Four pro- 
gram. 
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Parts of a House for Which Bamboos Are Suitable 



Bamboo may bo us^d alone to make all 
parts of a house except the fireplace arid the 
c himnry. Under most conditions ; however, 
bamboo is r ctiially combined with othc:* 
building materials, such as wood, clay, lime, 
cement; galvanised iron, and palm leaves, 
acco^-din^ to taeir relative suitability, avail- 
Ability, arid Cost; 

The use Of bcfnboo either as a primary, 
secondary, or occasional source of building 
material is common only in areas where 
suitable bamboos grow in sufficient abund- 
ance. Importance of bamboo in any give "i 
arec usually is determined chiefly by the 
economic level of the common people arid 
by the cost of other, more durable, materi- 
als. Structural s )undness adequate to the 
exigencies of local conditions is commonly 
achieved with bamboo, but a general monot- 
ony of design arid a mediocre level of exe- 
cution characterize bamboo houses in many 
areas. In certain cultural areas, however, 
and especially at higher economic levels, 
as among the well-to-do classes Of Japan, 
Java, arid Malaysia, bamboo ts employed 
architecturally in ways that are distinctive 
and basically artistic, Cohen indirectly 
alludes' to this recognition of bamboo's 
special virtues: "The principal post in a 
Jar snese house characterizes the house 
wi;h regard to quality and construction, 
the roof members are trussed to the post, 
arid eriabl* a properly constructed house to 
stand up to earthquakes and tremors^. The 
writer has seen many houses in which the 
principal poat is of stout bamboo, Or in 
which a a '."out timber post is given more 
character by being faced with bamboo.' }J 

It is my expectation that an architect 
will presently appear wh j combines su- 



V W. E. Cohen. Utilization o f Bamboo 
tr. J span , p. 1. Commonwealth of Australia, 
Scientific and Industrial Research Organi- 
zation. South Melbourne, Australia. April 
1947. 
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pertor knowledge of, and aevoti^n to, the 
principles of functional desif?:. with r. .-. 
dwarenet-'j oi the posL>tbi*:ti -i ut :ui*:bbo 
is h. buii^iri^ material of iitri-i.Jtri chn 
beai.ty; Being an" artist js well as a:, ar- 
chitect, he will appreciate the ^iihc tic 
qualities of okmboo and its versatility as 
they have been demonstrated i*" each 'irei 
wher^ its use Keif be en lifted to a nigh: pi^n 
Given the right inspiration, the r: poor tun; cv 
to travel an*\ to s tuciy th e be ^ t e;;n:np)es of 
the use of bamboo in building cons t ruction, 
and the cooperation Of persons who k;;ow* 
the bamboos and the techniques of using 
them, he will be able to synthesize the 
best features of bamboo with the technical 
impr overrents suggested by his V.'esvi'rn 
backgr ound in functional design — end so 
produce for each cultural area a sariss of 
designs and plans that will be a credit to 
the architecture of our age, 

Eamboo has several characteristics 
that make it a suitable arid economical 
building material for house construction, 
as well as for the scaffolding (fig. 1) that 
facilitates such construction: 

1. The natural units, or culms, as 
they are called, are of a size and shape 
that make handling, storing, and processing 
both convenient e,nd economical. 

2. The culms have a Characteristic 
physical structure that gives them a high 
strength-weight ratio. They are round or 
neerly so In cross sec ibri, and usually 
hollow, with rigid cress v. alls strste _.,;caliy 
placed to prevent collapse on bending. 
Wimin the culm walls the s Iron g, -Kir 
tissues of high tensile strength are riv-st 
highly concentrated near the surface. ;n 
this position they can function most effi- 
ciently, both ;n giving mecnamcal strength 
arid in terming a firm, resistant shell: 

3. The substance and grain of bam- 
boo culms make them caS;' to diviap by 
hand into shorter pieces (by sawing or 
Chopping) Or into narrow strips (by split- 



ting); No costly machines, only simple 
tools, are required. 

4. The natural surface of most bam- 
boos is clean, hard', and smooth, with an 
attractive co.ior when the culms are prop- 
erly matured and seasoned. 

5, Bamboos have little waste, and .no 
iMrk to remove; 

Foundation 

Kxanipies of the use of bamboo posts 
ii;.,trad of a conventional foundation for 

-ost houses may be seen ^_ feot ^_ h,!rn " 
r.j.hr-rtvs (fig- 2). Unless they are treated 
ivitii boi hi? effective fungicidal preservative, 
},<>v.rver, such posts are not expected to 
last more than two or three years on the 
,iw-r.ige, or five years at most under un- 
i- iually favorable conditions. Although 
rv- ; experimental data are available, it 
seems reasonable to expect that the last- 
ir.c? qualities of bamboo Culms set in the 
ground may ultimately be extended appre- 
iably by applying pentachlor ophenol in an 
appropriate form (see section bri preser- 
vation). Until reliable and economical 
treatments have been developed for pre- 
serving bamboo that is frequently wetted 
or is constantly in contact with damp earth, 
it is considered better to Use some material 
that is mOfe durable than untreated bam- 
boo for foundations — concrete, for example, 
or stone, brick, or some durable hardwood 

Hi*-. ... , 

When used as supporting posts in ,ow* 

i-rui houi.es; culms should have a fairly 
jar diameter, thick walls, and nodes 
fno.nts iii which trans verse diaphragms 
occur} Close together to give maximum 
resistance to bending. Where la.rge bam- 
boos are not available, smaller bamboos 
v. ith suitable structural characteristics 
may be bound together to make composite 
pill a r s . 

Frame 

N"e:<* to the foundation and the roof 
covering, the basic frame is the part of 
a r.buse most often made partly Or wholly 
of materials other than bamboo. In many 
regions; those who can afford the differ - 
t'nf e in cost prefer to use some durable 
hardwood fOr frames (fig; 4): They do 
so partly because hardwoods make stiffer 
joints and more rigid construction than 



bamboo, partly because a greater pres- 
tige is generally attached to hardwoods, 
and partly because certain hardwoods 
are naturally much more resistant to 
rot ftingi and WOod-eaiirig insects than 
untreated bamboo. 

There are certain circumstances, 
however, under which the superior resil- 
iency Of a bamboo frame confers impor- 
tant advantages over a rigid construction. 
In regions where sharp earth tremors or 
quakes occur frequently, a bamboo- f r arried 
House may survive and remain service- 
able longer than ary other type (fig. 5). 

In the select*-., of materials for the 
several types oi structural elements, the 
characteristics cf the bamboo should match 
the function lofie performed; Only whole 
calms are used for the principal parts of 
a bamboo frame. The dimensions cf the 
various structural elements, anc their 
spacing, are governed by the nature and 
importance of the function they perform. 
Stiffness and ultimate strength are impor- 
tant in elements of the frame. To get rel- 
atively uniform diameters, ancT^maximum 
thickness of wood wall (fc~ stiffness and 
strength), the upper, high.y tapered, rela- 
tively thin-walled portion of the Culms is 
removed. These tip Cut? may be used in 
wattte-and-daub partitions, or for roof 
sheathing, where close spacing may make- 
up for the inferior properties of the indi- 
vidual units. 

The individual structural elements that 
compose the frame of a conventional all- 
bamboo house correspond elbs -ly to those 
found in an all-timber frame: Corner posts, 
girders Or plates, joists, studs, struts or 
braces, tie beams, king posts, purlins, 
ridgepoles, rafters, sheathing, and sofOrth. 
The use of bamboo imposes certain limita- 
tions, however. Mortice and tenon joints 
cannot be used in framing bamboo: any cut, 
such as notch or mortice, drastirally re- _ 
duros the ultimate strength of a bamboo 

culm. .The only exception is the notch Or 

saddlelike cut used at the upper end of nosts 
cradle more securely the horizontal ele- 
ments that rest upon them (fig. b\ C and D). 

With the exception of those of certain 
species of GuacUia. (notably JG» angustifolia j 
and of Chusquea, the culms~bf most bamboos 
will not take r.alls without splitting. For 
this reason, the impinging elements are 
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wrrwralU ia-.hed t u *' .> ; h> it h <> :i t th#-ir in- \ 
tc: : .rctibns ( fi ; \- b and -'j. In j t>_< _ _ K ^_ r K x 
i},;. withrs used for .3*siiirrps are rornmor.iy 
split IroMi bamboo, more rarely from rattan. 
Wht-re t ht- available btimbbhs yield brittle 
/.jibes, tough vine*, or the bar'n of • ♦•rtain. 
trrrs and shrubs may be usr-i' for Ushings. 
In ? onie iueSs; soft iron wir e. rno-.t ot it 
giilvani/.ed; is usfd. 

Common sense a nr. the ^m^i rical (^owl- 
edrfr of bamboo c rafts m^n HI /firhlv-s coun- 
tries <' on s'titute the most highly 
quid. j nee. for the selection and u?t; ol ayall- 
ib ;,• n itrrn.l I i ou -vc r risour cei\ J per- 
son of practical experience- in building may 
offph b»- able to suggest sound and useful mod- 
ification*, of conventional procedures. 

Floors 

Veiny hflinboo houses hftv e no floor other 
tiwtn the sui.faCP of "the ra rUi on which they 
n'rv buiH. Ibis" surface should br. and usu- 
ally is, raised somewhat by filling with 
enr.h, to prevent inundation by drainage 
w : /iter; it may be compacted by p° lin l^ ih 8 \„ _ If _ 
the fill is made with clay, so much the better, 
for clay affords a relatively stable surface. 
The surface of y dirt floor may be made 
more stable by paving it with, bamboo bofirds. 
The soil should first be graded to provide 
natural drainage, but not compacted, before 
the bamboo boards are laid in place. These 
may then be pounded with a tamper of suit- 
able design, to drive them into close contact 
with the surface of the soil, which is com- 
pacted by the same operation. 

In better houses, the floor is raised 
above the ground. This arrangement is more 
hygienic, and provides a sheltered space be- 
low : the floor, which has many potential uses. 
In some areas this space is devoted to the 
rearing of various domestic animals; else- 
where it may be used for the storage of tools 
and farm equipment, or even farm produce: 
It may provide a welcome sheltered play 
space for children in inclement weather. 

Serviceable and attractive raised floors 
may be made entirely of bamboo, given suit- 
able species and a sound structural design. 
The principal features in conventional design 
are the supporting beams (part of the basic 
frame) and the floor covering; 

Bamboo culms ar^ more resilient than 
conventional timbers, and the space between 
supports should be reduced accordingly. 



S f i a c i n .specifications n.u>t be worked out 
k) c 1 : y for i h e l n d i v id ua 1 species y : ua m" t> o Q 
ar.u the sUe of culm" used. 

The floor covijrin'/ may be made of small 
who'. e culms, strips, or bamboo boards made 
by opening and flattening but wh'6l> culms 
i'lijjs. 3, 9, and tCI; When ci.e iioor ■: ens;, its 
of bamboo boards, it ;s ^er.^rajiy '.-•sxeJied 
down L / th>: use of thin strips oi biirr.biod 
secured to tlv- supporting murr.brrs by 



.lis , PMrtiticn^ 
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i r.i: c on s I r ». : t \ r-.r. o: o.-.:"..ooq v.,-. 
ject to T.."ir.:te -.'u r i a " i or. , dererllr, 
strength requiri'C i for ,r e s iuuar.c f to rianu.-ai 
forces such as nu f r jcasif r. and a r'.hqua ■' ss ), 
t h e protection d <• i r e d om rain n d orcir.fi r, 
winds, and ti.e need for Mgh': ventilation, 
F.ither whole cuIph or Ibri^ituiitie.! halves 
may be used, and thev may be applied in 
either h o r i z c n t r. 1 or verticil a .- r a y . They 
function mo r e e ii e c t i y e . y , h over, w h ? r. 
they are vertical, arid iin rnoru durable; for 
tht y dry more quickly after rain, (Fig. i 1.) 

A form of wall construction widely fa- 
vored in Latin America is called bujareque 
[fig. I2)~at least in Ecuador. It is" maee by 
hailing or lashing bamboo strips or slender 
culms, horizontally and at cl os-j intervals, 
to both sides of hardwood or, more rarely , 
bamboo posts. The space between the strips 
is filled with mud alone or with mud ^..nd 
stones. During this operation, the bamboo 
;s trips are more or less c ^r.ipl l z sly covered 
with mud but in time they become e^p^sed 
by weathering: This form of con.M-ucdor. 
is relatively massive, though less s »5 than 
walls made of conventional stone, rammed 
earth, or adobe bricks; 

Another form of w- a i 1 c on s t . u c it on , per- 
haps more widely used, is known :r. r'erii 
and Chile as qui ric ha . I; is m Vng-_S_tr 
construction, known as i-::h-and-pift-s Ler ; 
wattle-and-daub'. or stud-e.nc.-rr.ud ^ig. 
In this form, the f i e x i b « e at r a j s \\ r e a- ove n 
together id provide a base v." f t-csivp tl\' 
plaster, which, is applied to one side only 
or to both slides. 

A more attractive but less substsnvi^ 
covering may be made o; br.m*>oo bcarc.s 
(fig. 14). If these boards are expanded 
slightly, i.e., stretched laterally, as they 
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tire attached, they provide a suitable base 
for plaster or stucco. Sometimes barbed 
wire Is nailed to the surface to" provide a_ 
■,^c:er bond for the stucco. When whitened 
w rh i'me" or minted with cement, this ex- 
h; : /j-y attractive ?f\?, 15), 
Pa^titib.nn are commonly of the lightest 
constrvctich, such as a thin mrittino sup- 

bv ?: u?ht framework o*f bambo:. poles. 
.-; :h ~h : 'lipp.r.e Islands, and generally in 
fCa-t, where suitable bamboo^ are 
-*v: ; ;v.l. the Partitions" arid even the outer 
c /- ;~ crises are commonly covered with 
m* it v/^ven from thin str'.ps split from 
'.v- -.r 1'i and 17). Tor this pur- 

r^-'e, ham bo bs with thin- walled culms and 
"our/- -v -»o«*"; such a? many .species b\ the ge- 
r.vr "c'v'"'"st^ch>a:rh aft ore, are preferred. 

' = HrS the solines, or thin > srr-V'n 
:. „ t r v c pattern of weave vary locally 
^-, ; r .r, the desired quality o£ mat- 
r^t-d sr.w,U^ in the Philippine Inlands): 
\ • \ r or m ?. L..-ng is sometimes preparec 
-. -v., cairns' of thin-watled bamboos by 

- cri ^; : ;-;r, +hrs nodes and opening the 
r\\' . evt flat, in much the same way as 

^ ^l«dc (fi^s. S and ?). 
The ceilin-, may be covered with a close- 
ly -;->-2--rf ies of small unsplit culms, or 

■,; ,V > r ;Vicowork composed of 'lathlikc strips 
'^nii.t from larger culms. Bamboo matting 

r avered as a ceiling finish in many areas, 
Zr ~ome places the ceiling is omitted alto- 
^. ? ;%^ r; f^rmittinp, the freer cir culation of 
. .-- v. r - Vomc in hot, humid seasons. This^ 
? -~.:^:;r>rt has the added advantage of facil- 
.-/..^•^^ ^;-. :f s d's.eersal of smoke from the 
■V: : ."" : -n r i-e, in the" ar eas wher e b irriboo is 
user", or housing, a chimney would be a cur- 
■■.b r, ".' , y. * 

"or rractical r^sonr;; ^"'ndow and out- 

- ■' < e c. ?br bo^ri'nes a r S gene r ally ke pt to a 
m'r.imum. They may be framed with wood 
of bamboo. The doors themselves may be 
v.-ocfl, or they may be woven bamboo matting 
^re:chcf en a bamboo frame, a panel of 
bamboc boards, set in a hardwood frame , or 

v sturdy ^ate.'.ike barrier constructed of 
hombob bars; Doors are side-hinged, and 
f-s-r'ne.s vary from the traditional latch- 
strinv to"' lock-ar^-chain. Figure 10 shows 
the ronjh^nd- ready use of an inferior bam- 
boo for the door of a pioneer settler's hut. 



If window opening?; are provided, they 
may be 'rsr.W with, bambec or wood, \iqst 
w incews a *■ e left unj; la: ed end uns.crccn e d . 
Closure may be provided -r. the form of a 
bamboo or wooden fram" ■ ;red with 
bamboo metth^ or palm- .-a; i-.a:eh. V.'in- 
c.ows are usuaily hlnre:". "be "c^; when 
ar> c n — as they are durir.3 most bi :he day- 
light hours— they serve_v ^::^lvdc :he can'i 



direct 



:y^ or ii^ht r^.in;a... 



clr. tbt 



hou^e in c^o^ed, to >.e:?p. t«t ':be / 'ni7,hv a 'r , " 
^ene^*ally consic"er-d r.r.hba\:b f-il; Ac-:U-Xlly, 
tbe clbsirij? of abUrcr; at n:^ht 1:: ;v.rti£iaL>lt 
or other, more r-»?.Lir^iCi M-ouni; i: prevents 
the entrance of mosruitbo;*. , rSts, at' - , anc 
ohher unwelcome vi-itbri:. r^rrir:<t v/ir.- 
dbW Uci-s b: bamboo, many of t.-.em painted 
black to simulate iron bar J, are frequently 
usee to fru?trate wou'c : .-b3 .rerrpv:- r -:ers: 

Roc: 

Because of th^ir h:.;,h r-tren^th-j- "Vj^-- _ 
ratio, bamboos arc vre " : :^:~^Urnt advan- 
tage for structure 1 ei:;mer.lc In roci ccn- - 
structton (fig. t>, A). In c-r-r-igri ng the roof, 
account must be taken of the rah' re and 
weight of the roof covering to be used; 
whether it be grass or -ralm'eaf thatch, 
halved bamboo culms 1?), bamboo 

shingle-:, coi rugetec sheetmetal_, eremite 
ffig, 6), br tile_(fi5 jL ZC): "^he dimensions, ori- 
entation, and spacing of the individual struc- 
tural units that support the roof cev?r>r> a^e 
varied to conform to the req-jif ernSfits c: the 
c a s e JjJ 

in the Department of C a id a s ,_ C 616 m b i a . 
where bamboo is availab : e in un li-paitec _ 
quantitier.. a unique tyre of roof fracture 
has been adopted for the \;s*- o: b.mboo 
(figs. £i and ZZ). It mr.ker: what appear- 
to be an extravagant use ?f m ater ia'^ b jm 
the resulting structure rtrong. durab'e, 
and attractive: 

Edward Beckwich's phctc?.ra-h o" the 
Toradja house :n centr.il Ge:efe (r^ee 
frontispiece^ is another striking -illustra- 
tion Of. the use of bamboo in r 601. r rchite c- 
ture.l/ 



2/ Gourou, Pierre. Lcs Paysahs au 
Delta Tonkinois. Publications dc TElcoie _ 
Fran5aise de l e Extrome-0-ient , v. Z7, 640 pp. 
lilus.. Pa^is, 1936. 

2/ D: G. Fairchild, The Wor 1 ^' Orev/s 
Round My Poor , p. 1151 S'ew York, 19- ^: 
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Pipes and Troughs 

The culms of certain bamboos, with 
diaphragms removed, serve admirably 
foVthe fabrication of pipes and troughs. 

" Longitudinal halves of bamboo culms 

make very satisfactory eave troughs. Where 
rainfall is light and water must be conser ved , 
they are used to collect rainwater from the 
roof and send it into a barrel or cistern for 
storage. Where rainfall is heavy, they are 
used to carry the water from the roof to 
a distant point, in order to avoid excessive 
dampness around the house. 

Under certain circumstances wash water 
from the kitchen may be disposed of through 
bamboo pipes or troughs. For thlspurpose 
a sloping trough i£ more practical than a 
pipe since it is more easily prepared and, 
if clogged, may be cleared with greater fa- 
cility. 

Longitudinal halves of bamboo culms 

with the diaphragms removed make suitable 
conduits for bringing water for domestic use 
from its source to the house by gravity 



(fig; 19). In japan, closed-pipe watv.r sys- 
tems are constructed of bamboo but it is 
very difficult to make the joints lefikproof. 

Underground drainage may be effected 
by means of bamboo pipes of simple con- 
struction. The steps in preparing the bam- 
boo for such use are (1) Halving the culms, 
(2) rerno< Tg the diaphragms from one half 
to Take liic lower section cf the drain pipe, 
( \) cutting notches in the edge of the other 
half to permit the free entrance of water ^ 
(4) treating the two halves with preserva- 
tive (5- to Id-percent pentachlor ophenoi 
in light oil), (5) placing them together again 
in their original relation, and (6) binding 
them together with wire. Such drains may 
be extended to any length by placing the 
sma'ler tip end of one pipe into the larger 
basal end of the succeeding one. 

To be suited for the uses just described, 
the bamboo culms should have a diameter 
large enough to give the required carrying 
capacity, and the walls should be thick enough 
to prevent collapse under use. 
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Bamboo Reinforcement of Concrete 

Published References to the use of bam- readily available iniormatior. on the subject 

boo in reW—cing cement concrete sfruc- is to be found In *he report of a series of 

tures or parts thereof indicate that the prac- expe r irnents Jcarr ieri but by and under^the 

tice has been followed to some extent Locally, direction of Profess or H: E. Glenn. Two 

for some decades at least, in the Far East important sections of this report are quoted 

(China, japan,_and the Philippine Islands). here, in entirety:!/' 

During the 1930's several experiments were , . 

carried but in Europe, particularly Ln Ger- _ 4/ H. E, Glenn. Bamboo Reinforcement 

many and Italy, to test the performance of of Portla nd C^n tC o ncrete Structures , 

cement concrete beams reinforced with bam- pp. 123-127. Clerks on College Engineering 

k OQ Experiment Station. Bui. 4. Ciemson, S. C. 

The most recent, comprehensive, and May 1950. 



Summary of Conclusions 
From Results of Tests on 
Bamboo Reinforced Concrete Beams 

Below is given a summary of the conclusions as indicated from the 
results of testi on the various beams included in this study. 

1. Bamboo reinforcement in concrete beams does not prevent the 
failure of the concrete by cracking at loads materially in excess of 
those to be expected from an unreinforced member having the same 

dimensions. ___ , 

2, Bamboo reinforcement in concrete beams does increase the 

load capacity of the member at ultimate failure considerably above that 

to be expected from an unreinforced member having the same dimensions. 

3 the load capacity of bamboo reinforced concrete beams increased 
with increasing percentages of the bamboo reinforcement up to an opti- 
mum value. . 

4. This optimum value occurs when the_cross-sectional area oi the 
longitudinal bamboo reinforcement was from three to four percent of 
the cross-sectional area of the concrete in the member. 

5. The load required to cause the failure of concrete beams rein- 
forced with bamboo was from four to five times greater than that re- 
quired for concrete members having equal dimensions and with no re- 
inforcement. . - _ 

6. Concrete beams with longitudinal bamboo reinforcement may be 
designed to carry safely loads from i two to three times greater than 
that expected from concrete members having the same dimensions and 
no reinforcement. _ _ 

7. Concrete beams reinfbr ced with unseasoned bamboo show 
slightly greater load capacities than do equal sections reinforced with 
seasoned untreated bamboo. This statement was valid so long as the 
unseasoned bamboo had not dried out and seasoned while encased in the 
concrete when the load was applied. __ __ i 

8 When unseasoned untreated bamboo was used as the longitudinal 
reinforcement in concrete members, the dry bamboo swelled due to the 
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absorption of moisture from the wet concrete, and this swelling action 
often caiisedt longitudinal cracksjri the concrete, thereby lowering the 
load capacity of the members. These swell cracks w _^_ mor ^ _ to 
occur in members where the percentage of bamboo reinforcement was 
high. This tendency was lessened by the use of high early strength con- 
crete: 

9: The load capacities of concrete members reinforced with bam- 
boo vary with the dimensions of the members. 

10. The unit stress in the longitudinal bamboo reinforcement in 
concrete members decreased with increasing percentages of reinforce- 
ment: . - - - - ; ; 

[!. The ultimate tensile strength of the bamboo in bamboo reinforced 
concrete members was not affected by changes in the cross-sectional 
area of the members so long as the ratio of breadth to depth Was con- 
stant but was dependent upon the amount of bamboo used for reinforce- 
ment; '. .. ___ ___ 

12. Members having the optimum percentage of bamboo reinforce- 
ment (between three and four percent) are capable of producing tensile 
stresses in the bamboo of from 8,000 to 10,000 pounds per square inch, 

13. In designing concrete members reinforced with bamboo, a safe 
tersiie stress for the bamboo of from 5,000 to 6,000 pounds per square 
inch may be used. 

14; Concrete member: reinforced with seasoned bamboo treated 
with a brush coat of asphalt emulsion developed greater load capacities 
than did equal sections in which the bamboo reinforcement was seasoned 
untreated or unseasoned bamboo. 

15. When seasoned bamboo treated with a brush coat of asphalt 

emulsion was used as the longitudinal reinforcement in concrete mem- 
bers, there was some tendency for the concrete to develop swell cracks, 
especially when the percentage of bamboo reinforcement was high. 

16. Care should be exercised when using asphalt _ ernalsion __ as a 
waterproofing agent on seasoned bamboo as an excess of the emulsion 
on the outer perimeter of the culm might act as a lubricant to materi- 
ally lessen the bond between the concrete and bamboo. 

17: Concrete members reinforced with uriseasoned sections of bam- 
boo culms, which had been split along their horizontal axes, appeared 
to develop greater load capacities than did equal sections in which the 
reinforcement consisted of unseasoned whole culms. 

18. Concrete members reinforced with seasoned sections of bam- 
boo culms, which had been split along their horizontal axes and treated 
with a brush Coat of asphalt emulsion, developed considerably higher 
load capacities than did equal sections in which the reinforcement was 
split sections of seasoned untreated bambop. 

19. When split sections of seasoned untreated large diameter culms 
were used as the reinforcement in a concrete beam, longitudinal cracks 
appeared in the concrete due to the swelling action of the bamboo. This 
cracking of the concrete was of sufficient intensity as to virtually destroy 
the load Capacities of the members. 

20. When unseasoned bamboo was used as the reinforcement in a 
concrete member, the bamboo Seasoned and shrank over a period of 
time while encased in the concrete. This seasoning action of the bam- 
boo materially lowered the effective bond between the bamboo and con- 
crete with a resultant lessening of the load capacities of the members. 

21. Increasing the strength of the concrete increases the load ca- 
pacities of concrete members reinforced with bamboo. 
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22~. Concrete members reinforced with seasoned bamboo treated 
with methyloiurea did not develop greater load capacities than did equal 
sections in which the bemboo reinforcement was seasoned culms treated 
with a brush coat of asphalt emulsion. 

23; The load capacities for concrete members reinforced with un- 
seasoned, seasoned or seasoned and treated bamboo culms, were in- 
Creased by using split bamboo dowels as the diagonal tension reinforce- 
ment along the sections of the beams where the vertical shear was high. 

24. The load capacities for concrete members reinforced with un- 
seasoned, seasoned or seasoned and treated split sections of bamboo 
were ihCr eased by the u:>e o: a combination of split dowels and the bend- 
ing up ui" the upper rows or" trie split b imbed from the bottom c. r the 
oeorn into Hit top eir.c covering the sections of the be^rriS where the ver- 
tical shear was high; 

2 5: Ultima ce failure of bamboo reinforced concrete m embers usu- 
ally was caused by diagonal tension failures even though diagonal ten- 
sion reinforcement was provided: 

26. A study Of the deflection data for aU the beam specimens tested 
indicated: ... . ... 

(a) That the deflections of the beams when tested followed a f^^ly 
accurate straight line variation until the appearance of the first crack 
in the concrete: 

(b) Immediately following this first crack, there was a pronounced 
flattening of the deflection curve (probably due to local bond slippage) 
followed by another period of fairly accurate straight line vcr iaticrv.. but 
at a lesser slope, until ultimate failure of the member occurred. This 
flattening of the deflection curve was more pronounced in the members 
where the amount of longitudinal bamboo reinforcement was small. 

(c) In all cases noted, the deflection carve had a lesser slope after 
the appearance of the first crack in the concrete, even though high per- 
centages of bamboo reinforcement were used. 

27. No pronounced variations were observed when the behavior of 
bamboo reinforced concrete members under flexure and having "tee" 
sections was compared with that of equal members having rectangular 
sections. 

28. Bamboo reinforced concrete members under flexure and con- 
sisting of "tee" sections were no more effective than were equal rec- 
tangular sections, provided the breadth of the stem of the "tee" section 
was equal to that of the rectangular section arid the effective depth of 
both were the same. 



Design and Construction Principles 
Recommended for Bamboo Reinforced Concrete 
1. In important concrete members, the use of whole culms of green, 
unseasoned, bamboo is riot recommended as the reinforcing material, 
In concrete slabs and secondary members, green, unseasoned, whole 
culms may be successfully used when the diameters of the culms do not 
exceed three-fourths Of an inch. When possible, the bamboo used as 
reinforcement in concrete members, subject to flexure, should be cut 
nd allowed to dry and season from three weeks to one month before 
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using. 

2: The use of bamboo culms as reinforcement in concrete members 
subject to flexure cut in the spring or early summer seasons of the year 
is not recommended. Only those culms which show a pronounced brow- 
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coior should be selected for use from a native bamboo grove. This prac- 
tlce_will insure that the culms selected are at least three years old. 

3. When thoroughly seasoned whole bamboo culms are to be used as 
the reinforcement in important concrete members subject to flexure; 
some type of waterproofing is recommended. 

4. When seasoned sections of bamboo Split from large diameter 
culms are to be used as the reinforcement in concrete members under 
flexure, come type of waterproofing is recommended for the bamboo in 
all important load carrying members. However, for slabs and second- 
ary members and where the concrete sections are of a size as to allow 
the placement of the bamboo with a clear distance of from if to 2 in- 
ches between the individual bamboo splints and between successive lay* 
eri; the Use of unseasoned sections of bamboo is recommended pro- 
vided high early strength cement is used. In no case should tlie split 
bamboo sections have a width in excess of three-fourths of an inch. 

5. The use of vertical split sections of bamboo culms is recom- 
mended to provide for diagonal tension stresses in members under 
flexure covering the portions of the member where the vertical shear 

is high and where it is impractical to bend upi the main longitudinal bam- 
boo reinforcement for this purpose. In continuous members and where 
otherwise practical, the practice of bending up the main longitudinal 
bamboo reinforcement at points of heavy shear to provide for diagonal 
tension stresses is recommended. Also, in all cases where it is prac- 
tical, a combination of the above methods is recommended. 

6. Proper spacing of bamboo reinforcement is very important. 
Tests indicate that when the main longitudinal bamboo reinforcement is 
spaced too closely, the flexur a 1 strength of the member is adversely 
affected. Alibi when the main longitudinal bamboo reinforcement Is used 
in vertical rows and when the top row is near the neutral axis of the 
member, the area of concrete at this section in horizontal shear may 

be sufficiently lessened as to cause failure of the member due to hori- 
zontal shear. In many of the specimens tested under flexural loads, the 
cause of failure was attributed to horizontal shear; however, in moat 
instances where failure was from this cause, horizontal cracks existed 
in the concrete due to the swelling action of the bamboo reinforcement. 

7. Iii placing the bamboo reinforcement^ care should be taken to al- 
ternate the basal and distal ends of the bamboo culms in all rows. This 
practice will insure a fairly uniform cross -section of the bamboo rein- 
force me nt throughout the length of the member and the resultant wedg- 
ing effect that will be obtained will materially increase the bond between 
the concrete and bamboo. 

8. The design of structural members of bamboo reinforced concrete 
f 6 r f 1 e xu rail oa d s will be governed by the a mount of d e f 1 e c ti on that can 
be allowed for the member. In all concrete members subject to flexural 
loads, a high degree of deflection is obtained in the member before fail- 
ure occurs. Due to this high deflection, failure of a bamboo reinforced 
concrete member usually occurs due to other causes considerably be- 
fore the bamboo reinforcement reaches its ultimate tensile strength. 
Design values, not in excess of from 3000 to 4000 pounds per square 
inch for the allowable tensile stress of the bamboo reinforcement, must 
usually be used if the deflection of the member is to be kept under 1/360 
of the span length. When this low do sign value is used for a bamboo re- 
inforced concrete member under flexural loads , a high factor of iafety 
against ultimate failure of the member usually results. 

9. The same procedure as that used for the design o! structural con- 



crete members reinforced v. ith conventional steel is recommended for 
the design of concrete members reinforced with bamboo. Values have 
been recommended for the allowable unit bond stress between concrete 
ai d bamboo, for the allowable unit tensile stress. in the longitudinal bam- 
boo reinforcement and "for "the modulus of elasticity for bamboo: These 
recommended values should be used in designing a concrete member 
reinforced with bamboo for flexural loading. It is also recommended 
that "tee" beams be designed as rectangular beams ignoring the flange 
width in the calculations; _ 

10 Some of the important characteristics of concrete members re- 
inforced with bamboo on which future research should be done include: 

(a) Use of those species of bamboo in which the modulus 01 elas- 
ticity is higher than that of the species used in these experiments 

(b) More exact data on diagonal tension reinforcement. 

(c) Further tests of the use of green Uncured bamboo cuims.as the 
reinforcement where the c bnditions 'are such that the bamboo will be 
completely seas oned while encased in concrete. 

(d) Mere exact data on the bond between concrete and bamboo. 

(e) The use of other waterproofing agents than those used in these 
.ests to insure against the swelling action of seasoned bamboo when 
placed in wet concrete. 



It is obvious, from this very comprehen- 
sive and carefully considered series of state- 
ments, that the reinforcement of cement con- 
crete with bamboo cannot be undertaken with 
confidence until a great many factors have 
been considered. Careful and expert atten- 
tion to many details in execution is essen- 
tial to success. Severe limitations must 

be taken into consideration. Apparently, 

the bamboo reinforcement of non-load-bear- 



ing members, such as wall panels and floors 
resting on well-compacted earth t h-is more 
to recommend it, from the practical point 
of view, than the bamboo reinforcement of 
load-bearing members of a structure. 

The lay reader will find an admirable 
summary on use of bamboo for reinforcinR 
concrete in the appehdix of an article by V, D. 
Lirnaye on the strength of bamboo (see bibli- 
ography). 
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Geographical Distribution of Bamboos 



Bamboos occur as more ov less prom- 
inent elements in the natural vegetation of 
many parts of the tropical, subtropical, and 
mild temperate regions of the worlds from 
sea level to altitudes of more than 13,000 
feet, wherever a suitable combination of 
ecological factors prevails. Their natural 
distribution is very uneven, both as to abun- 
dance and variety of kinds in a given area. 
Through the agency of man, the distribution 
of many species of bamboo has been greatly 
widened. This process probably has been 
going on for a long time, and the actual 
extent of it has hot been surveyed..- How- 
ever, some of the most valuable species 
have not been distributed to any important 
extent and much remains to be done to make 
these more generally known and available. 

The greatest concentration of bamboos 
and the highest development of their use 
are to be found on the southeastern borders 
of Asia and oh adjacent islands. This area 



extends from India to China on the main- 
land, and from Japan to Java among the 
inlands. Sbir.c 20- odd species of bamboo 
have been reported from the i;.ttie- 1 *.nbwh 
flora of Africa, and many of these tte used 
by the native peoples for house construction. 
The Island of Madagi ic^r. whose flora is 
more fully known, has been found to have 
more native species of bemboo thdn are 
known to occur in the whole of Africa. Aus- 
tralia has perhaps a half-dozer native species; 
Europe none. In the Western Hemisphere, 
the natural distribution of bamboos extends 
from southern United States to Argentina 
and Chile. Some 200 species are native to 
this area, but they are very unevenly distrib- 
uted. Many of the recorded species are very 
imperfectly known; and some kinds have been 
recorded under more than one name, but the 
known bamboo flora of the world Probably 
totals more than 700 species, classified in 
about 50 distinct genera. 
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re 2 : - * Frcin suppor ting posts to rafters and 
sheathing, this cottage in the Ecuadoran lowlands 
is made entirely of native bamboo, Guadua angus - 
t x folleL . The posts may serve for five years; 
the siding may remain in serviceable condition 
for decades. 



Figure 1.-- Bamboo scaffolding 
is used in constructing an 
apartment house in Calx, Colom- 
bia. In strength and durability 
bamboo is well-suited for the 
purpose; for economy it is prob- 
ably uneqaaled. 
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Figure 4.-- Framework of this douse under construction in ;iava is hardwood; but rafters, 
sheathing, scaffolding, arid even the ladder are bamboo. Walls and partitions may be 
covered with bamboo matting, probably made from species of Gigantochloa , commonly used 
in Java for this purpose: (Photo by Dorse 1 1 .) 
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Figure 5. --Bai 
falls and pan 
roof tfiatch w: 
sifcea and fori 





Figure 5. --Bamboo is used for the frame structure of a peasant's .cottage in Colombia, 
falls and partitions will be made of bamboo boards. In fact, all materials but the 
roof thatch will come from '.he nstive Gnadna angusti folia, which produce-- culms in 
,i*ea and form so suited to direct use that only the simplest of tool? are required. 
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Figure 6. — Details of b^nbob ronst rue t ion: A, fitting one rinding cuinv. :r 
j o i n c a in roof and frame; B, fitting arid securing b^hoo hoards 'ex floor; 
D , saddle joint; £ and £ , use of i ri so t bliSe * 16 support lib ri i- r; ; <: I J jr - 
bearing elements; G and 44, use of s tump of Lranch &l nc>-}e of port to ^upp^i r 
horizontal load- br. a r ; rig elements , 
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Figure 7. --Joints used lit building with bamboo. 
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Figure 9. --Final st:ep in making a 
bamboo board removing diaphragm 
fragments from the. newly opened 
culm. It may be don*e with e mache- 
te, as here, or with an adze or a 
long-handled, shovellike curve^i spud. 
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Figure 10. --Bamboo boards 
ft r.and ready for ase - 
making of these boards : .s 
well-developed trade xr. 
Ecuador arid Colombia; and 
the finished product mi.?h- 
well become en export iter 




Ecuador. The roof covering is ete?aite. 
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Figure 17. --A young Thai plays his bamboo organ against a background of bamboo mat ting. 
Such matting is a popular wall covering throughout _ southeastern Asia: it is light in 
both color and weight, does not stain, and is easily cleaned. (Photo by (J.iate. } 
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Figure 19. --Roof tiles of this laundry in 
Colombia, as well as the troughs of its 
water system, are halved culms of Quadjifi- 
anffustifolia, the common native bamboo 
of Colombia and Ecuador. 
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Figure 21. --Bamboo is 
standard material for 
roof timber in the 
rural houses of Caldas 
Be p a r t men t , Co iomb i a . 
It combines tightness, 
strength, and durabi- 
lity snd, being local- 
ly abundant, costs but 
little. 



Figure 22. --the structure of 
this bamboo roof is typical 
in Caldas Department, Colombia, 
the uniformity has grown out 
of long years of use: ever 
since colonial times, bamboo 
has been the preferred build- 
ing material in the area* 
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Figure 23. - -Some contrasts among different hambcos>as seen in the ac±ss; "v.ir^r ^dz , 
and branches of the culms: A, Bambusa arundinacea, a thick-weiied b^SboCi -i .h : in- 
flated nodes and heavy, solitary, thorny lower branches- h, Fl^U^w^ !; ^ 
soides, a moderately thin-walled bamboo, with inflated ncd-ss and psirsc br^^:- 
efi| above the insertion of which the internode is flattened and shciiosiy j^^.v^d;. 
C- Bambusa vulgaris , a moderately thick-wslled bamboo, with isifiated r*oac^. azrzw:-x 
branch buda below, and prominent branch complements above. D, §£2]^J Z>£:^'^:J'> 
* thin-walled bamboo with cylindrical inteniodes; noninfl&ted aoctes fiorad : t 
sheath acar; branch buda lacking at the lower nodes and cfirdily dov^iop'ij ^ov-.... 
E. Schi zos tachyum luroampao, a thin-walled bamboo with cylindrical int^^ c; 
uninflated nodes; no buds at lower nodes; slender* aubequal , easily _i*e^-->Sc .1 -IcI 
above. F, combined longitudinal and cross sections of the culm of J^^i.^ h> 
showing the nature o f the diaphragm; in all bamboos the diaphragm foriri ^ t2 ui"ver, ; L . 
strengthening structure fit each node. G, quarter cross sections oi euifcis 3"' '» .;r 
different bamboos, representing the extreme range in %aaii thickness. 
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Figure 24. --Devices for splitting heavy cairns. A, cross of iron or hardwood bars 
(about 1 inch thick) supported by posts (about 4 inches thick and 3 feet high) firmly 
set in the ground; with an ax, two pairs of splits are opened at right angles to each 
other at the top end of the culm; these are held open with wedges until the culm is 
placed in position on the cross; the culm is^hen pushed and pulled, by hend. in the 
direction indicated by the arrow (adapted from Salcedo). B and C, steel wedge for 
splitting quartered culms. D, block with single and paired steel wedges for mounting 
on a heavy bench; adjacent faces of the paired wedges should be slightly closer to- 
gether at the cutting edge than at the back. 
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Figure 25 . - -Splitting of moderate- ai ze culms to make withes for weaving 
and lashing. Quartering a culm; A, starting four breaches at upper end; 
B, driving a hardwood cross along the breaches to complete the aplitting. 

dividing* quarters radially, making center splits first. D, splitting 
radial divisions tangentially ; the hard outer (convex) strip is best, and 
the soft, pithy inner (concave) strip is usually discarded. long- 
handled knife used for C and D; some workers hold a strip of Sambco on 
the blade to add to its effective thickness when they wish to speed 
up the work. 
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Differences Anidrig Species 



Aa with steel, bricks, cement, stone, 
clay, timber-woods , or any other building 

material, it is necessary to think of the 

bamboos in terms of individual and distinct 
kinds, each characterized by_ a__c ombination 
of properties peculiar to itself (fig. 23). Certain 
combinations of these properties are use- 
ful for identification; Certain ones must be 
taken into account in evaluating the suita- 
bility of individual kinds for one purpose or 
another. Here are some of the properties 
that determine the best use of a given bam- 
boo and the relative value of available kinds 
for a: given purpose: 

), Average dimensions of culms 

2. Taper of culms 

3. Straighthess of culms 

4. Size and distribution of branches 
5; Length of culm internodes 

6. Shape and proportions of internodes 

7. Thickness of the wood (culm wall) 



8. Relative proportions and distribu- 
tion of different tissues (bundles and paren- 
chyma) in the wood {which affect the prop- 
erties Hsted under 9 and 10) 

9. Density and strength of the wood 

10. Splitting qualities of the wood _ 

11. Susceptibility to fungi and wood- 
eating insects. 

Specifications for bamboos are not yet 
standarized on a wide geographical scale. 
Within any bamboo-using community, how- 
ever, the close observer will find that where 
there is a choice of several species, cer - 
tain ones will be used for certain purposes 
with great regularity. And where there are 
established bamboo markets, rrisriy of the 
bamboos offered are found to be classified 
into more or less well-defined grides with 
distinctive names. Such markets, arid the 
local artisans who work in bam^oOj are 
sources of much aaeful information not 
to be found anywhere in print. 
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Some Bamboos Used in Housing 



As far cis we know, most of the bamboos 
of greatest usefulness and greatest versa- 
tility for building construction cbrne from a 
fe-A- groups of related species, Called gen- 
era. These genera are Arundinaria , Bam - 
V. u s A ; C eph dlostachyurn , Dendrocalamus , 
( ;~i ^tin t oc h ) oa , M el o ca nrva , Phy Udstac-r+y-S , 
nrui Sch i/,ostachyum in the Easter n Hemi- 
sphere ahrJ G ii a d \~i a and Chusquea in the 
Western Hemisphere. But this is not to say 
that all of the most useful species are found 
in these genera. 



For the purpose of those who wish to 
find arid keep track of the best bamboos in 
any given locality, the vernacular names 
will serve better than the Latin. Latin 
names, however, are generally more use- 
ful in Correlating information found in the 
literature. In this section, which sets forth 
some of the most useful species, with their 
locations, sizes, and ases^both Latin and 
vernacular Hemes are given insofar as they 
are available. 



i Arundina ria alpina: Alpine Bamboo, Bambu Alpina (Italian). 

AFRICA: Kenya, Abyssinia, Sudan, Congo, Uganda, Tanganyika; 

8,000- 10,000 ft: Abundant in lar ge _s .tands . 

Culms: 60 ft: by 4 in.; commonly 45-50 ft. by l\ in.; rather 

thin-walled, 
Uses : General. 

2. Arundinaria callosa: Uskong, Uspar, Spa (Khasia). 

INDIA: E. Himalaya and Khasia Hills, Assam; to 6,500 ft. 

Culms: 12-20 ft. by l/2-J in. 
Uses: Tying thatch. 

3. Arundinaria elega nt: JiM (Naga). 

IND IA : Nsqa Hills; 5,000-7,500 ft. 
Culms: 12-20 ft. by 1/3-4/5 in. 

Uses: Walls of native huts^ - _. .__ 

4. Arundinaria falcata: Himalayan Bamboo, Ringal, Nirgal, Nigre, 
Na7r"i, GarTi, Gorwa, Spikso, Ningalb, Kewi, Tham, Utham, 

Kutino. 
INDIA (Ravi) and NEPAL. 
Culms: 1 5-20 ft. by 1/2-3/4 in. 
Uses: Lining for roofs of houses. 
5: Arundinaria gr iffithia na : Khnap (Khasia), U-spar. 

INDIA: Khasia arid Jaintia Hills, Assam; to 4,500 ft. 

Culms: 1.2-20 ft. by l-l| in. _ 

Uses: Tying thatch of native houses. 

6. Arundinaria intermedia: Nigala (Nepal), Parmick (Lepcha), Titi 

o Naga la, Prong Nok. 

INDIA and NEPAL: Himalaya; to 7,000 ft: 

Culms :_ 8-12 ft. by 2/5- l/2 in. 

-Uses: Mattirig to cover walls and partitions. 

7. ArMnHln.ria khasiana: Namlong, U-kadac Namlong. 

INDIA: Khasia Hills; 5,000-6,000 ft:; often cultivated. 

; Culms: 10-12 ft: by i/2 in. 

Uses: Wattle-and-daub walls of native houses. 
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oeherig (Khasiaj. 



TNTT/I/.r jaihcic. Hills, Assam; to 3,000 H. 
Culms: To i'6 fi. hy l/Z irv 

Uses: Withes for binding frames of n&Uve hpus-ss. 
9. Arundinaria prainii: Revva, Kevi, Sampit (Naga). 

INDIA: KJiasia . Jairitia, arid Naga Hills; to 9,500 ft. 

Culms: Slender; 

t'sf.-s* I:sth for wells ci native houses. 
10; Ariindiri'iria racemose: MaliTig (Nepal). Phylum tAil'.ca- . .-•'ilvc^m, 

'"pT.TcT^g, PTTFTTTr' _ 

njk pa;.. .::m:A [Sttkirnj: 6,000-12,000 ft: 

CiilmK: 5-15 ft; by 7 .0-1 in. 

es: Rool construction inci rna ctinpjjfor native hoc ie.'. . 

11. A r uridine r:a sp?.thiflora: ^ipsAi. Garu, Oeo Niti£ai. 
"INTSIAT^N.'W. Himalaya.; 7,000-9.000 ft. 

Culms: 25-30 ft: by i\ trs; 
dses; House construction. 

12. Arundinaria wigationr;: _ Cnevar i, 

FNDIA: Southern and western parts; especially ciuuric on 

NMgiris. 
Cuimn: 10- 15 ft; by 1 in. 
Uses: Matting. 

1 3. Bambusa arundinac ea : Thor ny Bamboo, Beruu , Kata, ^o^c (Aiistm), 
fly^, Mulu (Malay), Bans, Beho? Bans (Bengali), S./uikts; Vedru 
(TMugu), Mundgay (Bombay). 
INDIA. Pamropic in cultivation. 

Culms: To 75 it. by 6 in.; commonly rather crocked; only mod- 
erately strong arid durable; lower branches very Lhsvny. 
Us es: " General: 

11: 3a-m-hu_s_a baJxjDoa : Bftiku Bans (Bengali), Bsiuka (Ass.Lrn x , '.B^ro- 
bans . Sil Barua , Barua. Warrxnah, Ecru, Betv/s.. 

INDIA: Assam, lower Bengal, arid Bihar. 
Culms: 50-70 ft. by 3-6 in. 

Uses: General; "best end strongest for building purpose.: ' ' 
(Gamble). 

15. Bambusa blurhe&na: Siilbh Duri (iyjaiajrj, Kida (Sernang) 4 j\>arn'ou 

, Duri, Bam bu Gesirig, Pririg Ori, P. Geaihg (Jav\), Haur 

Chuchuk (Sudan): 
MAL^A, JAVA (native), SuiylATRA. BORNEO, INDIA, 2KDO- 

CHINA, and PHILIPPINES (cultivated). 
Culms; 30-60 ft. by 3-4 in., tiiick-walled. 
Uses: General; 

16. Btmbusa khesiana: S.erim , . Tyr ah (Khasia). 

JND1A: Khasia and Jaintia Hills, Assam, arid Manipur; to ^,030 it. 
Culms-: 30-40 ft: by i- 1 2/5 in. 
Uses: General; 

17. 3 a mouse, multiplex: Hedge Bamboo, Silver Leai Etmbcc-. :\ T 3au Kan 

Chuk (Chinese). 

CH^fJA: Kw'angtung; to 1,000 ft:; now virtually pantropic in cul- 
tivation.* . 

Culms: Tp 30 ft. by i in.; internodes long, tain-wtili*sd; resist- 
ant to Dihbdsrus, the powder post beetle. 

Uses: Sheathing for V oofs , wattle - and- daub wail c ens ^ru it/or:. 
(Jamaica. J 
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;SZ£r ■ 'at: ::>;: Plci'j-. ^itiK^ii, .,KaJ. Bans, ^ukiLi, . s ' . 

~ ATIhrr.'"^:-.:-^:^ -;-:.:v^ f Jcua, D*o-C2fts, V;'a -rrvite:. ; ; 

Cutrr.ii : 2C~'.C : ■: - 3 ir:; ; uncrn&des 15-18 ir<; ; woe-: * \r snsj, 

«i ;•■/>;■.. s , i :r: ; ^ • S .-»■■. err ■&c ? . . 
-•■5 ■: G;. . .c ; il, 

3ft^:bu.:^. ;uiy--:/ /.^I'r. ■ir.^:. i^iirriifr&ej, 3».*tu~ {.-.: -\-. 



C*.: 5 b - «2 C : ^ - . 

Us*-5.» :Ur,i-. .1; ,, ci-.-: ...^ .^.ii c; the bmooc, ; >: ..■ . i ■ •: . 

Zoo--", -r.c -ri:'-- c.: (Wctty. 
c £i:vb , s C - v.^ : V/'c-. Civil.; jv:v; CV.ui< (Cr-inese;, . 
CHINA? '.'"♦Hea. £ -i > rr. .:::o ■^csi._Now " -.^Ivutcc v-a 

Culms: To 40 -t. by 2 : n:; tr;t-*rr5 odi-s lonfpah; v/God 
U he.s- Wuthes for bi^i:^ hbu:.« irrxm&s; matting £;yr 

biris, kijuii, >:?£; j-,c, Chc?a, Tli«:wa; Thai^wc., 

Li-rshoo of the r;c^ country, 
Cui.— ,3: 20-70 :t. jy in. 

yjr.ov General: Poking; r,caf folding, matting, 
5 R mbu^ tuldoide^: PunLihr-polt; Bamboo. Chaang-ko Che'*, Yau- 

CHINA (cultivated in aouxheastern provinces a::d Fonno,^. 

ivLr. LAYA, BRAZiL, and EI- 3AL.VADOR. 
Culms: To 55 by 2 in: 
Uiio^l General. 

Rumbus vulgaris; Co-vimcn Bamboo, Sambu (SpRnir.r. A;-....:: ' :.*.;. 
^:Sh"fenya_k Ktur, E. Tutui, 3. Gading, Ai:r G £ d-i.\- : , 
;-'.o-o. Pbok (Maliiy), -ji^jfins AmplU J. fading , Frin^ ;^Vv.:. : 
V L:cgi, 5*: TuraJ. fjava), Awi Ampel, A. Gading ( __A. r^v.;-, 
a. Koncn^ A. Tumi (Sudan). Auwe Gadishg, A. Kui'-ic^'o' ^^n-.ba 
v^nieng, S, Kiiring-kuring (Sumdtra^ J^ai Mat (Star:): 

Par;troi>ie in cu Iti vat ton, : .n two color forms o£ culm; l ?ii'.ir. ^racn 
a.na green- s,triped_yeliow. . 

Culn^i 20-70 ft. by in.; wood moderately thick d/.n sr.-c.f^: 
•s'iac^pfibto to invasion by Dinoderus . the pcwde.v po:.'. .'.'jo. 

Useii: General. _-! 
C e phclos t£fcch>^rri cii e: Tinwa (Burmese), Latany , 

INDjA (Afiiicm), BURMA; elc:: "After .DendrocaJ-d rnuft ot\- i^-f^ 

* perndoi: t>:-£ rrSOS > ahund&iu of all specie^ " {Watt^. 
Ccim^: j0-00 b; in.; inter nodes thih-wallisc. 

Use:-: C^iicrfc_". 
Chusqiic: r.?p.: Cliu3qiis. Suro, Carrizo. 

^Kr/TiC^ Kiid Sb-:TK ii^SriiCA: Especially ir. ^ncii-:: > ■ 

Kr.di; IiCeiilc o tic- C>Jio .»:-nu Argthtiha. . 
Cuiri-ii : Ge- ; -raIiy slender, and relatively weak; '.n.^.y 
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26: JD.eiitiTCiic.j- inns* isps;': Buiah Eetong; B. Panching (lvUKyi.; Kvaur 
^TEv^rr^^T^SJ "^etung, jajahg Beiur*£, Prihg Petcs*3 
A vi E>etu.v:n, Sdt'irig (Sudan), Barnbu Batueng, Ptrsriag Ecrcung 
(?uri-:£tr rSontoiiy (P;I;, tests Hugh Cur far* ; Jr;): 

;•. ; AtiA Y3 :A : jc?va; *c o,250 it.; and throughout inn a. r chippie: go 
to Lusori. ?.;. Much planted. 

Culrr.s: To IOC it. by 6-3 ir..; short lower inter nodes vis: y thick* 

27. Dendro^f-lci-viv.i brir.rrisiii Kyellbwa, Waya, Wapyu fBurme^ij, Wakay 

IN.O'A (ec^r-r:-. ? : cp£ii of Pegu £nd fof artabt::-. K;:*s; to 4,000 

ft:) and BU^rvt?:; 
Culms: 60-lIid ft. by 3-8 ir.. 
Users: _Ger.«^i. 

23. Dcndrociiarrxs ^:.ga,a ti»ua : Wabb (Burma), Wcrra (KKBfiTn), 

INDIA : Calcut':^, :■* orthwards to Tenussertrn, Burmx, Ceylon, 
C^lms: BO-lOO by 8-10 in. 

U?es; General. ; 
2^. Dehdrocaltii-nus hL:r >!l f .ohii : Wabo-myetsansye (Burmese;, Chye 
"(Dfihra Dvir>); TSrria (Nepal), Pao (fcepchej, Kokvva {jtssarrsj, 
T -r : che: (Be.^ali), Tonay (Mikis ) , Wanokc: (G&ro;. 

INDIA ar.d SUtV.viA: N.E. Himalaya, Assam Valley, Jpiasia Kiils, 
:"v/thet, east to u>per Burma, and west to Sutlei. Trls cbrrimon 
b»mboo c: the Diirjeeling HiUs., Terai, etc.; much ccit^vtied. 

Culms: <G-6G f':. by 4-7 in.; internodes 12-20 in. lor. ^onrwhai 
soft and xeiativciy thin-walled. 

Uses: Gpr.erai: net highly esteemed. 

30. Dendrocal&mus hojxerii; Seiat, Ussey, Sejasai, Sijong, Denga, 

Ukoteing, Ps.ru, Tili, Kawa Ule. 
INDIA to UPPER BURMA; To 5,000 ft. 

Culms; 50-60 it. by 4-6 in.; internodes 18-20 in. lon^; walls 

about 1 ir. . thi 
Uses : General. 

31. Der.drocalamus longis p a thu a: Khang, Ora, Wa-ya, Talagu. 

INDIA (E; Bengal) and BU RMA , 

Culms: To 60 it. by 3-4 in.; internodes 10-24 in. lon^; walls 
1 /2 in. thick. 

Uses: General; "not highly esteemed as building material, bul 
used 'i-hen better kinds are not available" (Watt). 

32. Dendm calamus m embr anaceus : Wa-ya, Wa-yai, Wa-mu, Wapyu 

INDIA and BURMA • Moist forests at low elevations. 
Culms: To 70 ft. by 4 in.; internodes 9-15 in. long; wood 

1/4-3/8 in. thick. 
Uses: General: 

3 3. Dendrocakmus rn< -rillianus ; Bayog (Ilocos), Kawayan-bd.yog 

(Pan a sin an! . 

PHILIPPINE ISLANDS. 

Culms? kk Ts;l and slender; internodes thick-wailed, strong" 

(Brown and Fischer). 
Uses : General. 

54. Dehdr Ucalariviis s^kime-nsis : Pugriang (fcepcha), Wadah (Garo 
Hilis), Tiric, Vola (Nepal). 
INDIA. {Si'kkimler.d BHUTAN: 4,000-6,000 ft. 
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D « h :i : ri ;:"■>; **.ri ; j^iii-i : M a f c Bamboo, Ban s , Bkr.i Kcban ; 3 ^ 
i-f "^JTT^TLTa.r, V. i Sir. : L'vt.v.-, Buru Mat, Sc. lis EUns, rJ6>j*. 
Vai-iur, 2n.ru, Kari;, Kai ivtungil, Kibi Bicaru, Radhand.pa- 
v e cl r m , K a u kiu , ^/i / i r- w a . 

t id SURviA: i-ncdsrstoiy dry hziia sxc^pt in : .". -r.d 

',0-56 it. by :ri.; very strong; cf;en solid. 

_ _ V 3 » : G J n i - 1 . _ _ _ _ _ 

Ci v^rccHliJc ,*~.Kr.WiZ-:> .fcttis; E; Tifci (Malay). Dci'l;^ Apois; 

STTili fTco i , Z> . : - r ; P r in? A p i 3 , P . A p o o a , P . Tali ( v 2t } , 
/-.w. .'Sundk), Pcr-sng \f till (MiduraJ. 

->i . A r*iid 1 'Pi^ ir..i *;o Kij-h rribuiiiains 1 ' (Cchrw;; 

^ u i i i -> : *i" o 6 '5 : ;. £■ \ ' 4 ; ; inte mod£ 3 up to Z 6 in . lcr.£ ; wood Z - 

! fi in. thick. 
Gsc Central; t-a_S D.i the rhbst useful bamboos, 
j'lij-e ntbc hi d>. jjvis: X^w;-:.ye .ri- b£-o; X. Sina, K. Puti, Boh. 4 : fT.; 

§ol^"B5!orBc:tc:;5; (Bis&ya), Bucong (teste 5-Zuyh CuvrL/i; Jr.). 
FHIMPPINIT ISLA^ES:. Wild and. cultivated. 
C.«ir.»s: To 65 it. by 6-8 in.; "very straight, easil/ worked*' 

{13riv*ri and' I^ische; ). 
Uses: uen^fe;-. 

Gigantocllloa marr ost ^chya : Tekserah, Madi, Madaywa, Wtinefc, 
_Yv abray. 

INDIA (Assam, ChittS£-oP*s; and BURMA. 
Culms: 30-50 ft. by in. 

U«*?s:. General, 

Gift ant ochlba vextieiHaXa? V/horled Bamboo, Bamboo And on t? (Male.*/), 
Prln^ Soorat (JavT), Andong Rekes, Awi Anfibng, A. Cambcri^, 
A. Liar, A. Soora'c (SundaJ. 
JAVA. 

Cuhr.sr To fcfl ft. by 6 in.; internodes with pale yellow stripes; 

coed up to 4/5 In. thick. 
Uses: General; lt nexi to G. a pus the moat useful bamboo tn 

Java" (Ochse). 
Guadu.i aculoat a: Tsrro (Central Amerio). 
MEXICO to"PAr^AIvlA_. 

Culms: To 75 ft. by 5 in.; internbdeG relatively shori; wood c\ 
mbdevate thicloieas; 

Use*: General. 

Guadua wmple xifoiia : Cauro (Nicaragua, Mosquito). 
VENEZUELA to MEXICO. 

Culms: To 60 ft. by 4 in.; internodes relatively »hort, low^r 
oaes semisolid. 

Uses: Gene-al; the least desirable of the Hsted apeci^c ioi the 
purpose, frJi'; rriuch t:5«d in Nicaragua, 

£*aftdcia on^vsti/iolia:. G**L.dua. 

£CTjAI: ; Si CptZOMBK. and PERU, 

Cuims; To 90 ft; by 6 lis:; incernoc'.ea relatively short; wood up 
to 3/4 tn. thick. 

•!r;os: General; the b^e^: known c;nd most veroatile specfer 
the ^^n-;s. Ln thdso areas of'Scuador and Golombic whevc 
this oarr.boo occa?s in spontaneous stands adequate to supply 
local needs; it is iiasd i*3 ^ remarkable extent in house c^r..- 
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siructibri. In fict. soirie of this barnboo is as*d is* txc^riy 
every house in such areas, Many structures; Are b^ilv &imck«t 
entirely of it. 

This bamboo apparently has a relatively high resistance 
to both rot fungi and wood- eating insects; It has b$oin obs<*f-v*d 
repeatedly that ordinary hardwoods used in conjunction with 
this bamboo have had to be replaced because of insect cLIrri- 
age while the* bamboo still remains serviceable. The 0713:^ 
nai untreated sid:.hg, con sis tirig of boards of this bembco, in 
a -l-Q-yssr-oid plsntsticn hoase at Pichilingue in the De-^rt- 
meni of Los Kios, Ecuador, was still in a serviceable con- 
dition in 1945, lohfj aft^r the hardwood floors hac hc:ci to be 
replaced because of insect damage. 

43. Guadua superbs: Marona. 

BRAZIL: Acre, R?o Purus. 
Culms: To 75 ft. by 5 in. 
Uses: General. 

44. Melbcahna baccifera: Terai Bamboo, Mali, Metanga (Berx-^ii), Tarai 

(Assam)T V/ati (Cachtri), A r tern (Mikir), Tur ie*h .(Nafta).; W^rr^i 
(GaroJ, Kayoungwa (Magh), Kayinwa (Burmese), Paid, T^ria, 

Pagutulla. 

INDIA and BURMA. 

Culms: 50-70 ft. by 1^-3 in.; internodes 12-20 in. lon^; straight, 
thin-walled, but strong and durable. "In Chittagor.g and else- 
where /this is_7 the most common species and the one rriorii 
univer sally employed for building purposes" (Gamble). 

Uses: General. 

45. Oxytenanthera abyssinica: Arkai, ChommeL 

A FR IC A :_ Abys s inia to A.ngbla and Gold C oast. 
Culms: 25-50 ft. by l}-3 in. 
Uses: General: 

46. Oxytenanthera nigrociliata; Poday (Andaman), Washut (Guroj, 

Bolantgi 3ans (Orissa), Lengha (Java). 
INDIA, ANDAMAN ISLANDS, BURMA, JAVA, and SUMATRA. 
Culms: 30-40 ft. tall. 
Uses: General. 

47. Phyllostachys aurea: . Buddha Bamboo, Hotei-chiku (Japanese), 

Fat-to Chuk (Chinese). 
CHINA and JAPAN. Now cultivated nearly all over the world in 

temperate zone. 
Culms :_ 25 ft. by 1 in. 

Uses: Suitable for light elements* of house construction. 

48. Phyllos ti chys b*TwhngoTdgg : Giant Timber Bamboo, Madake (Jdpiinesc), 

Kam Chuk (Chinese). _ \ 

CHINA and JAPAN. Now cultivated in mild temperate areas of 

the United States. : 
Culms: To 75 ft. by 6 in.; straight; wood of moderate thickness 

but excellent quality. 
Uses : General. 

K0TE: tn China numerous other species of this genus are much 
used in building houses. 

49. Pseudostachyum polymorphum: Filing (Nepal), Purphiok, P&phok 

(Lepcha), Wachaii (Garo), Bajal, Tolli, Pal (Assam), Sowa 

(Burmese). . . . 

INDIA (E. Himalaya, Assam, Sikkim) and UPPER BURMA. 
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Culms: To 50 ft. by 1 in.; internodes long, thih^walled. 
Uses; Lath, mattfng, withes for tying frames of huts. - 
50. Schizostachy-urn hainanense: Tang Chuk (Chinese). 
CHINA: Hainan island. 

Culms: To 100 ft. by 1 in.; internodes long, thin-walled. 
Uses: Lath, matting. 
5 1. Schizostachyum lima: Bolo, Bagecay (teste Hugh Curran, Jr.;. 
PHILIPPINE ISLANDS: Luzon, Davao. 

Culms: 25-30 ft. by 1 in.;.. internodes very long, thin-walled . 
Uses: Matting, shingles, thin lath. 

52. Schizostachyum l um a mpa s : Lakap (Bosayan), Tambiang {BiU-un}, 

PHILIPPINE ISLANDS: Luson. 

Culms: To 60 it. by 3 in,; very straight; 40 ft. to first branch; 
thin-walled. 

Uses: Boards, shingles (teste Hugh Curran, Jr.). 

53. Teinost^hyqra .dixllooa : Dulooa (Assam), Paksalu, Pogulo, Wadrob, 

Gyawa. 

INDIA: Assam. 

Culms I: 20-30 it. by 1-3 in.; interrodes to 40 in. long; thiii- 

walled. 
Uses: Lath, matting. 

54. Thyrsostachys bliveri l: Thanawa (Burmese), Maitong (Kachin). 

INDIA and UPPER BURMA: To 2, C00 ft. 

Culms: 50-80 ft. by 2-2| in.; "greatly in request" (Gamble). 
Uses: General. 

55. Thyrs o s t ac hy s s iamen axs ; Kyaunq-wa, 

THAILAND and BURMA. . 

Culms: 25-40 ft. by 1^-3 in.; very strong and straight; uh- 

branr.hed below. 
Uses: General. 

The following two woody grasses, though hot true bamboos, y;«?ld 
culms that are used in building houses; 

56. Arundo donax : Giant Reed (Hitchcock), Vara de Coheta (El Salvador). 

Pantr opic and extending into milder parts of the temperate zone 
in cultivation. 

Culms: To 20 ft. by 1 in.; hollow, thin-walled, the surface smooth 
and shining* 

Uses: Wattling. 

57; Gyh erit irn sagittgtqm: Uva grass (Hitchock), Caffa Araya^Cubcj , 

Caff a Blanca (Panama), CaHa Amarga (Venezuela), Vara de 

Tusn. (El Salvador), Uba (Brazil, teste Clarissa Rolfs). 
TROPICAL AMERICA: Principally at low elevations. 
Culms: Commonly to 2 5 ft. by 1 1/4 in., the internodes filled 

with pith, which shrivels and shrinks upon drying; Covered 

with persistent sheaths. 
Uses WnMs and partitions, ceiling iinish, roof sheathing. 
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For convenience; the foregoing species particular uses in house construction; The 

are regrouped in the following tabulation numbers refer to^thu* species just listed, 

according to their specialized adaptation to 

Frame: 1, 13-16,.. 18, 19, 21, 23, 26-28, 30-46, 4S, 54, 55. 
Sheathing and ceiling cover: 

Whole culms, 1, 4, 10, 17-22, 24, 25, 4i, 44-50, 54-57; 

Strips, 1, 14-16, 18; 19, 2 1-23, 26-34, 36-46, 48-55. 
Hoof covering: ._ ._ 

Tiles, i3-j_5 l _19, 23, 26-32, 37-40, 42, 43, 46; 

Shingles, 50-53. 

Wails; 

Wattling, 1, 4, 9, 1 3. .14, 16, 18-34, 36-56, 

Whole or half culms, 3, 7, 14-40, 42-48, 50-52, 54. 55, 57. 
Floor covering: 

Boards, 1, 16, 19, 27, 28, 31, 32, 39-43, 48; 

Strips, 1, 13, 16, 18, 19, 21-23, 27-34, 36-40, 42-46, <*d. 
Matting: 2, 5, 6, 10, 12, IB ; 1_V. 20, 24, 36, 39, 44, 43-53, 56. 
Lashings: 1, 2, 5, 8, 20, 36, 39, 48, 49. 
Forms for poured concrete: 

Boards, 1, 16, 19, 27, 28, 30, 31, 39, 40, 42, 43, 4G; 

Shoring, 1, 14-16, 18, 19, 2 1, 27, 28, 30, 31, 3i-35, 37-43, 45 : 
46, 48, 54, 55. 

Scaffolding: 1 L 13^16, 18, 19, 21-23, 26-28, 30, 31, 33-43, 45, 46, 4S; 
54, 55. 

Troughs: 13-15, 19, 23, 27-31, 34 r 37-44, 48. 
Pipes: 14, 15, 19, 23. 27, 28, 30, 31. 34, 37-44, 48. 
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Shortcomings of Bamboo and How to Overcome Them 



r. • culms of some bamboos have Cef- 
>, in characteristics (in combinations, and 
in df ..irff's, which vary from species to 
sperlcrsj that limit or reduce their suita- 
; -lit y or versatility as building material. 
A if. feful study of these limitations, how- 
r . i' , shows that most of them can be over- 
'-niriJ. or minimized appreciably. 

Variable Dimensions 

It is difficult to secure culms very 
clos 'ly standardized to any given set of 
dimensions; For this reason, the process- 
ing or fabrication of bamboo cannot easily 
be mechanized, and its utilization generally 
f ills within the realm of a handicraft. 

With sufficiently large supplies of culms 
available; the disadvantages of this varia.- 
biiity may be overcome to a certain extent 
by exercising special care in the selection 
and grading Of the material. Further com- 
pensation may be achieved by giving special 
attention to the development of skills in the 
cutting and matching of pieces. 

Uneven Surfaces 

The use Of Certain bamboos is made 
difficult by the crookedness of the culms, 
the prominence of the nodes, the uheveriess 
of size and shape of the ihtefhodes, and 
the rate of taper: This uneveness and the 
tflper, which is more marked toward the 
tip pi the culm, may make it difficult to 
achieve a tight, weatherproof, verminproof 
construction. 

To overcome* the effects of uneveness, 
the builder should select bamboos with use 
requirements in mind. The different portions 
of earn culm should be classified according 
to their dominant characteristics, and the 
r u 1 m s should be Cut up on this basis. The 
various cuts should be segregated into 
groups according to the purposes for which 
they are best suited. Zigzag or curved 
culms may be used for purposes where shape 
is unimportant, or where they may give an 
artistic effect. Special processing, such as 



dressing off nodes of whole cuims, may 
permit closer fitting. Culms may be split 
to make boards or lathlike strips. Finally, 
the design of the structure and its archi- 
tectural details may be modified to a cer- 
tain extent to utilize more effectively the 
nature and peculiarities of the building ma- 
terial. 

Extreme Fissibility 

With the exception of thick-walled bam- 
boos such as Rwmhn.q a tulda and Dendroc&K 
amus strictus, or those with relatively soft 
wood, such as certain species of Guadua, 
bamboos have a tendency to split easily, a 
tendency that precludes the use of nails. It 
also limits the range of techniques suitable 
for the framing or joining of structural cnits; 

Suggested remedies are to use the less 
easily split culms of thick-walled species 
for purposes where high fissibili'y is a dis- 
advantage; to make end cuts just beyond a 
node where feasible (the nodes have a higher 
sheaf coefficient than the internodes «nd 
hence show less tendency to split); to fasten 
joints by means of thongs or other lashing 
materials; to chisel or bore holes to accom- 
modate nails, screws, or pegs. 

Low Durability 

Some bamboos are highly susceptible to 
invasion and partial destruction by w bod- 
eating insects, such a* termites and powder 
post beetles: Species with relatively low 
susceptibility may be selected; and the culms 
may be treated to make them less vulnerable. 
Cut surfaces at the ends of the culms are • 
places where inserts usually effect an entrance 
and should be treated with special care. 

Most bamboos also show high suscepti- 
bility to rot fungi, especially under damp con- 
ditions and in contact with moist soil. Here 
again, selection of species will help to over- 
come the Weakness, but some form of preser- 
vative treatment should be used to prolong 
the_ usefulness of bamboos exposed to moist 
soil. 
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Preservation 



Hembo'os vary from species to species 
in inc.- susceptibility of their culms to in- 
\ c . - : c n by w o od - e a t in g insects. Although 
the culms of a few bamboos, notably Guadua 
cnsiistlf olia, apparently have a relatively 



resistance to both wood-eating insects 
. ..■1 rot fungi; almost all appear to be more 
>r . hu"»ceptibie under certain conditions, 
"i c r ^:-'.;ih« to ihe observations of Plank, 

• the course of experiments carried out 
federal Experiment Station at May- 
ii^iiex, P. R., there is a rather definite "cbr* 
relation between susceptibility to invasion 
by woOd-«*at:h"g insects &nd the starch and 
moisture content of the wood of the culms. 



»r :.n ; 



A similarly correlated susceptibility to rot 
fungi probably exists. 

Both the starch and the moisture content 
of the wood Vary with the species and with 
the age of the culm, especially during the 
first two years or so. The starch content 
may increase or decrease from the base to 
the tip of the culm. Any redaction of the 
starch or moisture, or both, tends to reduce 
the incidence of attack by wood-eating insects. 
It has been found at the Federal Experiment 
Station in Puerto Rico that clump-curing 
the culms is a natural and effective means 
of reducing their susceptibility. The essen- 
tial steps of this procedure follow: 



L Sever each culm at the base but keep it in an upright position in 
the clump. 

Z. Dust the fresh-cut lower end of the culm at once by patting it 
with a dusting bag filled with a 5-per cent ( 1 :20 J mixture of DDT and 

talc. ... 

3. By means of a block Of stone or brick or wood placed under it, 
or a stick thrust into the tower end, raise each culm off the ground to 
prevent staining or deterioration of the wood by fungi. 

4 . Permit culms to remain in this p os iti on f or 4 to 8 wee ks , d e pe nd - 
ing upon weather conditions. The objective is to get the culms as dry 

as possible before taking them to the vicinity of buildings, where the 
wood-eating insects usually abound. Caution should be obse~ 'ed to pre- 
vent the staining of the culms by rain after the tissues have become dry 
enough to be readily permeable: When they have been dried as much as 
conditions permit, the culms may be taken down and trimmed. As a 
special precaution,; dust all. cut surfaces at this point with 5-percent 
mixture of DDT powder arid talc. Finish the Reasoning process in a 
well-ventilated shelter; do not store seasoned bamboo culms in the open, 
where they are exposed to rain and dew. 



TV* is seasoning procedure should be com- 
pletely effective in preventing invasion by 
wood-eating insects during the period when ■ 
the culms aremost susceptible. Depending 
upon various factors, it may be necessary 
to provide further protection. During long 
periods of storage, for example, periodic 
spraying of the stacks arid the storage shelves 
with 5-percent DDT dispersed in water or 
light oil is recommended. The schedule for 
such treatments should be worked but for 
the local cbr.di ibr. A six-month interval 



is Jiggested tentatively as a starting point. 

Effective protection of bamboo culms 
against decay, whether in storage or in ser- 
vice, can be accomplished by guarding them 
against wetting by rain or by contact with 
the soil t and by maintaining good ventilacibri. 

No data are available on the effective- 
ness of any particular treatment for the pre- 
vention of rot in bamboo culms when they are 
in contact with moist soil. To fill this gap 
in bur knowledge, Dr. G. A. Greathouse, 
member of the National Research Council, 
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r;6 5 s^gpesteri that experiments be carried 
out trj test the effectiveness of the insoluble 
form of peritachlbr bphehbl applied to the. soil 
impinging on the bamboos; Some of the 
•.landard v-ood-prese r vation methods also 
rr.i'^ht be applied, with proper consideration 



being given to the physical characteristics 
of bamboos . 

For much useful inf ormaudh oh preser- 
vation of bamboo; consult the articles by 
H. J._Piahfc t I* C. M, Gardner, E. P. Stebbing. 
arid G. N. Wblcdtt listed in the bibliography. 
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Skill Requirements 



: ;,c ; skills required in building with bam- 
boo nrr the b'a?*i'" ones of the builder's trade, 
toi^-tHer with others that relate particularly 
to the peculiarities of bamboo as a material 
for house construction. Among the latter 
ar.- thi:se — 

judging the maturity, soundness, and 
quality oC bamboo culms. 

Determining the suitability of a given 
Umiboo for a given purpose. 

Sawing a bamboo culm without raising 
^ planter s , 

Joining and fastening bamboo ele- 
nimtn in house construction. 

Making bamboo tubing, troughs, and 

roofing ''tiles! 1 * 

Splitting ft bamboo culm into strips 
for lath, withes, nnd lashings. 

Making bamboo boards. 



Weaving bamboo lattices, wattling, 
and matting. ... 

Making bamboo shingles. 
Making bamboo nails and dowels. 

These and other techniques will be treated 
fully in a general work on bamboo utilization 
now under preparation, ' _ 

fn most areas where bamboo suitable for 
building purposes occurs in sufficient quan- 
tities to justify its Use, native artisans will 
be found who are acquainted with the basic 
techniques of building with it. As suggested 
eisewhere.iri these pages, consultants on 
housing and housing materials will do well 
to acquaint themselves with these men and 
thoir skills, and to work with them in getting 
new ideas tried out. both in the workshop 
and on the building site. 
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Tool Requirements 



Hainboo is notof ious for its dulling effect 
on r<i};»»J tools. This effect is due to the 
siln.i u i!h which the tissues are more or 
l»':is heavily impregnated. The effectiveness 
of edged tools will be maintained at a higher 
level; and the time consumed in sharpening 
Will h< greatly reduced, if tools made of 
in 61 vbderiiihi steel bv ah equally hard alloy 
can he secured for working bamboo. 

I h*» tools essential to building with bam- 
boo are relatively few and simple. In fact, 
rriahv a bamboo house has been built with no 
more tools than a machete. But wherever 
the use Of bamboo is to be refined Of elab- 



orated to any extent, additional tools are re- 
quired. Some of th*»se may hsv£ t-> perform 
work peculiar to Ine processing of bamboo 
and, for this reason, Would not be available 
at the sources of standard carpentry tools. 
The Chinese tub- e.r.d bucket-maker who uses 
bamboo as his raw material requires an ar- 
ray of some thirty different tools and gadgets, 
all Of which are employed at one stage or 
another in the meas if ing, cutting, fitting, 
at.d assembling of the various parts. With 
the following top's, the star.Card bamboo ele- 
ments for building purposes may be processed 
and assembled: 



Tool 



Use 



Recommended sr>ecificcitions 



Machete 



Miscellaneous: felling and 
and trimming culms, and cut- 
ting them to lengths; remov- 
ing ff agments Of diaphragms 
from bamboo boards; etc. 



Preference of the usef de- 
cides type of bladk- selected; 
long, fairly heavy blade rec- 
ommended. 



Hacksaw 



Felling culms , removing 
bfanches, c.uttihg culms to 
length. 



L-af ge size; ample supply of 
molybdenum steel blades, 
with IS and 24 teeth per inch. 



Tripods or trestles 



Elevating culms arid holding 
them fiffri fof sawing to 
length, cracking nodes. 



May be made locally, follow- 
ing the pattef ft locally pf e- 
fer r ed. 



Ax , 



Cracking the nodes of large 
calms to make boards. 



L-ight-weight ax with a nar- 
row but thick.strongiy 
wedge-shaped bit. 



Hal:. hi?t or small ax 



Cracking the nodes of small- 
er culms for making boards. 



Similar to the ax, but small- 
er ir: size and fitted with a 
short handle. 



Whetstone Sharpening edged tools. 

Spud Removing diaphragm frag- 

I mc/its and excess soft wood 

at basal end of bamboo 
boards . 



Cafbofufidum; coarse-grain- 
ed on one side, fine on the 
other. » 

* - - 

Long handle; broad blade set 
at. an angle to operate paral- 
le 1 with surface of board. 
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Removing diaphragm f r <\ ^ - 
ments an.d excess soft \vbod 
at basal end of bamboo 
boards. Spud is more con- 
venient, but the adz is more 
generally available. 



SU\ini,\rii design; lu st-qual- 
itv s t or I. 



Gouge 



Removing diaphragms to Cur\ed fxront bertj, ) -men 

make troughs and drain pipes and 1 ]-irich bits, 
from split or opened culms. 



Chisel 



Making holes in culms to ac- 
comodate lashings for end 
ties; 



Best steel (molybdenum 
steel if available); 3/4-inch 
bit: 



Drill 



Making holes to accomodate 
bamboo pins or dowels. 



Hand- or power-driven drill; 
metal ciriUinfl bits, best steel, 
assorted sizes, 1/8-1/2 inch: 



Wood rasps 



Leveling prominent culm 
nodes. 



Large size, with one flat 
side, one convex; course, me- 
dium, and fine teeth. 



Splitting jig 



Facilitating the splitting of 
whole culms or sections into 
several strips at bribe. 



See sketches, fig. 24. 



Splitting knives . 



(a) For splitting small culms. 

(b) For making bamboo 
withes . 



(aj Short handle; broad blade 
{fig. 25 A). 

(b) Long handle; blade bevel- 
ed on one side only; to be 
specially made (fig. 25 B). 



Rods of reinforcing 
steel: 



Breaking but the diaphragms 
of unsplit culms. 



Suggested minimum: one each 
of 3/4 inch by 10 feet and 1 /Z 
inch by 10 feet. Other dimen- 
sions to meet special heeds. 
Hardwood or bamboo pole 
may be substituted. 



Wire pincers 



For handling wire used for 
lashings. 



Conventional type with long, 
narrow jaws and wire-cut- 
ting feature. 
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Differentiation and Evaluation of Species 

\i.jr: boo' is a collective term here in- that together determine the suitability 61 

- { -hcif i t<i irioicKle the culms (stems); or the their culms, or the substance thereof, for a _ 
j.,r l( ,ucL <A i'hi* culms, of any of a group em- ' given purpose. This point will be recognized 

./racing mariv diff erent kinds of grasslike at once as basic. 

Uoorly jjianisTTKe term may appTy also to Once this principle is recognized, the 

IK-iMj jii.-.h'ts oi any of the species op varie- next step is to become acquainted with what 

i\i >, r cirti'.ri^iriR the group. Anyone who kinds of bamboo are available locally BLtid to 

• vis to use bamboo or foster its use is learn how their characteristics relate them 

fl'dvis -ti to learr. :o discriminate between the to the existing need for building materials. 

.v.dU i.h:al kinds, and their respective char- The following general suggestions are in- 

SrftC.!-ri?;txC5; instead of thinking vaguely of tended more as a systematic analysis of the 

bamboo as though it were all one thing. He problem than as a hard and fast procedure 

shoiiid. do ^o because the. different kinds of under any particular se^of circumstances: 
bamboo are characterized by properties - 

1. With the did of a local resident who knows the bamboos (preferably ah artisan 
who has some personal knowledge acquired through the actual use of bamboo 
ci-i building material, Or through the fabrication of bamboo objects), study the 
local bamboos — in markets, in shops where they are being fabricated, in 
houses where they have been employed as building materials, and in the field 
as living plants. _ . # . ' 

a. List all recognizable entities by local, rtaHfies , noting all of the name- 
that are used interchangeably for more than one kind. Distinguish 
those that are applied in a general sense from those that are specific 

b. Establish for each entity a numbered card or information sheet on 

which to assemble and systematize information Subsequently gathered, 
with reference to docun enting specimens, photographs, descriptive 
notes, and so forth, ........ _ ___. __ _ * 

c. Document the identity and peculiarities of each kind by means of stand- 
ardized samples from representative Culms, and by means of pressed 
and dried specimens, photographs, sketches, and descriptions of the 
different parts of the plant. (For details with regard to structures 
needed and the procedures to follow, see the section On how to collect 
bamboos.) It will.be a great service to the cause of science, and to 
those who are endeavoring to extend and systematize the existing 
knowledge of the various kinds of bamboos and their uses, if duplicates 
of such material (specimens, photographs, and notes) can be sent to a 
specialist for study, identification, and permanent preservation in a 
centrally located repository, such as the National Herbarium, Smith- 
sonian Institution, Washington 25, D. C. . _ 

d. Learn to recognize and distinguish the different kinds of bamboo under 
as many different circumstances as possible by means of the habit of 
the plant, the culrn characteristics, the culm sheaths, and so forth. 

e. L.ist the "uses for which each kind is employed locally, checking by con- 
stant persbhal observation and repeated inquiry among bamboo workers. 

f. L.ist the characteristics of each kind as related to its suitability for 
various uses in the local economy (add your own observations to those- 
of Die local bamboo workers). 
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§: Re&tudy structures and objects made of bamboo with a view to— 

(lj Confirming or eliminating listed uses as reported by the bixmboo 
workers. 

•(2) Ascertaining the actual and relative iurability of the various 

kinds in use as building material; causes of deterioration; pos- 
sible means of increasing durability cf parts or kinds that give 
way first, either by improved design or by^use bx another kind 
of bamboo, or by the use of preservatives. 
(3) tisting the characteristics of each kind as related to its suit- 
ability for various uses. 
Sc-t up comparative tests of the local bamboos to ascertain their relative dur- 
ability under either acfrcal or simulated conditions of use. In drawing up ijie 
outline for the tests, keep in mind the following possible variables that may 
have a bearing on the outcome of the tests: Kind of bamboo, age of culm, sea- 
soning and storage history, preservative treatments, and conditions of exposure 
in soil and in air. The outline of such forms! tests, and the forms for record- 
ing data, should be checked by competent specialists in experimental de.*ig;>. 
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G oil-acting Specimens for Identification 



•;. * < ur. ! :^ :he recognition a ad deiinea- 

:\.c . Nti-.rt rntiti;»s with which we 
o "iool. ^ botanical units and as poten- 
.ourccs of useful raw mate rials. To 

r C,"i irn^ortant to collect all bam- 
her they be in flower or not. A 
, elected, labeled, and preserved 
, o, th.L- vegetative structures called 
b'elo'w will tie entirely adequate as a 
vai-i of recognising and describing a given 



N tirt J ; o.;) a id ri?,stinf(jisiuag k I'rom other 
kin-:',. True, reproductive structures are 
traditionally required for identifying barn- 
boos and many other plants but vegetative 
itructures have proved to be a practical 
basis i or Held identification of bamboos: 
:ne average clump of b-imboo presents 
[lower- only once, after many years of 
growth., _ _ 

Never mix material from two distinct 
ni^.-.tr. >:nder the same number on the as- 
sumption that they represent the same bam- 
boo, wary lest you collect, under one 



numoer, two or more - • U^ooos so 
closely associated in \.neir ;;rowV. _ls to &p-. 
pr.-ar to be all a part or the s^mc plant. Such 
mixtures can cause much I rouble: 

Make specimens for permanent preser- 
vation. Fragmentary specimens collected 
hastily, "just for identification. ' ' frequently 
turn out to represent new sr.'scie'a or new 
records. Such specimen J, often too frag- 
mentary to be identified with confidence but 
too intriguing to discard, may be more of a 
burden than a help. 

To identify a bamboo </tth confidence, one 
should have as complelt a v ^presentation as 
possible — by specimens, photographs, or de- 
scriptions-- of the following structures: 
sheaths, leafy- twigs, branch complement; 
culm nodes, and interncdes and rhizomes. 
Flowering branches, seeds, and seedlings 
will add greatly to the value a* usefulness s_ 
of the specimen. Seedlings and small plants 
may be pressed entire. 



Culm 



Culm Sheaths. Collect at least ten culm sheaths, complete and in 
Sood condition, preferably from nodes above the fifth node of a mature- 
sized culm; if possible, collect also several from mid-culm nodes. 
Mark with node number and collector number. Press flat, tf too lar 
for the press, cut or fold to 10 by 15 inches or less; keep all parts. If 
vou cannot spread a sheath without breaking it, let it roll up and go not 
press it. Tie paper over tips of unpressed sheaths to protect fragile 
parts. Persistent sheaths may be left attached to a section of culm of 
appropriate length, dried, and sent in ^thos. Young sheaths, if slander 
enough to dry readily by artificial heat, may be sent in whole. The more 
complete the series and array of culm sheaths collected, the more re- 
liable the identification can be. Represent the whole series as fully c.s 
circumstances permit. 

Leafy Twigs, Include big and little leaves, young and old, healthy 
and diseased (if any). Press promptly, before the leaves - cur ■!, L in i driers 
thick and soft enough to prevent crinkling. At first change of driers, 
arrange leaves so that some show the upper surface, some the lower. 

Branch Complement. Get at least one typical example of a branch 
complement from middle or lower middle of series on _Cuirri of mature 
size. Include a segment of Culm at least 12 inches long embracing the 
selected branch complement. Cut off branches about Z inches from 
their base, Mark node number and collector hurrib'e r on culrri; The culm 
segment may be split and the part opposite the branch complement d*ls- 
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lardrii if spmr is limited. Additional specimens; from I ewer aha iipper 
part ol culm, are dr si ra Hie but not necessary. 



Ciiliii Node .« ii:id Inter nodes. 

a Segment of riiature- 



Ciilm nodes arid internodes are best 
i -epvr M'MtiHt bv a Segment of niStiif e-sivieci culm embracing nodes 4 and 
A nboveground rind the inter node between: Mark with hodf find cdile^tbr 
numbers. Cut back branches, if any, to 6 inches. Segment may be splu 
once to neebmmodate limited space, or to facilitate dr ying. 

KMzomi^s: Obtain at least One complete example of ;i rhizome; il 
facilities permit; it is preferable to obtain two cr more units attached 
together to show typical branching habit. Wash and trim- foots; ^iork 
or tag with collector number. A sketch or photo, showing orooor ticr.s 
and br*i >:cMiiv) habit, will berve in place. i\Ur;i! in-^i li i. c 1 — 

ities f ire limited; 

i iow e rin fi Branches, (if present). Collect a;, lont? a serii-'S GI Hov- 
ering branches c s possible to show range of variation in h.-ib:L; i^ai'ia.u^-;; 
stages Of development, and so ;brth. See?, fruits (mdlur :: ;-uhs iisuiw'.y 
fall quicki/j and put some in folded paper to call afte-riiiori *o iiir.rh a:,*! 
prevent loss. Distribute specimens thinly be -ween tMck dr:-:rr. ; •z'tu hi;- 
often to ary promptly and ore vent breaking e s p r r« i .-• t s t , c ht\<. s - 
solute ]y necessary to save paper, do not pile aried specimens tugeiiicv 
but keep them in original folders to avoid serious carriage to srvikirletj. 
Put single example of long, fragile spikelets { Arthro Jtylid.ium; in Sep- 
arate envelope or folded paper to ensure correct floret court. 

Sj^edHn^s; Special search shbuJU be made iov seedlings unaer i '.<i 
neai {lowering bamboos, In case of doubt as to their identic , sec ;. ? s 
should be given a separate collector number from thct cf th:* s^roof; 
pareh. plant, but cross-reference should be made in notes, sectms; loriu 
evidence of their supposed relationship* The 4 4 seed" still attached «. b 
ve*-y small seedlings is sufficient for identification if kept intact. 



Bulky specimens that cannot be pressed 
flat require special handling, Among these 
are nodes and internodes, branch comple- 
ments, rhizomes, arid culm sheaths, espe- 
cially those that come from large plants. 
Always mark them properly with the node 
number and collector number, either on a 
clear surface or on a durable tag of cloth 
or tough paper. Do not put balky specimens 
in press with leafy _>viQs or flowering twigs, 
but dry them separately and promptly in sun 
or over fire. Keep them in open air as much 
as possible and do not wrap or store them 
in closed c ontaine r until thoroughly dry. 

Minimal nbces should include data bri the 
following: (1) Habit of clump and culm, 
(2J maximum height of culm and diameter at 
base, (3) length and diameter of 5th inter- 
riOde, (4) length arid number abbvegrburid of 
longest internode (make measurements on 
largest accessible specimen; estimated ■ 
measurements should be designated as such), 
(5) location, described or sketched in rela- 
tion to ne ~est inhabited place and/or point 



shown on available map, < 6 that it -fm be 
found again, (6) habitat, (7) local r.ames 
(dialect), (3) local uses, (9; dat:- collected, 
(10) collector's field number, *tl£ [11) refer- 
ence to photos, sketches, ar.es ^t- forth ii 
kept in separate book. 

Photographs are useful for showing the 
habit and proportions of a typical ,.^r* p am 
the following features , p&rii'-uiariy if iirrit 
is insufficient for making Sp'icirrie:\s of ir.erh: 
Branch complement, culm ;'icd<- cn: : inter- 
node, and rhizome habit and branching* Hab- 
itat pictures are useful if the rii-'aes bi trie 
associated plants are recorded, or if zoo- 
logical features are ciearly shown. Be: sure 
to correlate photograph numbers with col- 
lector numbers at the tLrie the picture is 
taken. 

Sketches, even, can aid ideiitviiciticn. 
The simplest sort of cicgr^mmatic sketch 
may be used to represent structures" that, 
for good reasons, must be omiitec ; ro : r: 
specimen. 
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